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ENVIB.ONMENTAL ASPECTS OF RUN-OFF AND STLTATION IN THE 
ANACOSTIA BASIN FROM HYPERALTITUDE PHOTOGRAPHS 


ABSTRACT 

An analysis has been made of the efltects of urbanization and highway con- 
struction on run-off, erosion and siltation on the Anacostia watershed. The 
analysis is based on changes in land use patterns as determined from aerial 
photographs as well as geologic and hydrologic data for the region. 

Two selected subwatersheds of Indian Creek and one of Little Paint Branch 
of the Northeast Branch of the Anacostia were studied in terms of three h 3 rpo- 
thetical storms of different magnitudes. It was determined that an approximately 
10 percent increase in impervious surface could bring about a 12 percent increase 
in the peak discharge for storms of the magnitude of tropical storm Agnes, a 20 
percent increase in peak discharge for 10 hours storm and as much as a 150 
percent Increase in peak discharge for a typical thunderstorm. Also the early 
hourly incremental discharge from a storm of Agnes' magnitude could be 
increased by as much as 100 percent. Correspondingly large effects were 
observed in soil erosion and siltation from bare construction sites which show 
sediment yields of up to hundreds of thousands of tons per square mile per year. 

The effects of rapid nm-off, erosion and siltation are interrelated with other 
environmental problems such as sewage, oil and chemical pollution and lack of 
adequate public transportation. The net result is one of a steady degradation of 
the urban and suburban environment and oi the estuary and bay into which this 
river flows. 
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ENVIRONMENTAL ASPECTS OF RUN-OFF AND SILTATION IN THE 
ANACOSTIA BASIN FROM HYPERALllTUDE PHOTOGRAPHS 


INTRODUCTION 

It is now generally recogMzed that urbanization involves a complex of inter- 
acting factors which determine the environmental quality of a watershed or river 
basin. To what extent these factors determine the carrying capacity* of the basin 
with respect to population and technology is less clear but has become a pressing 
question. 

In the process of urbanization, river basins are degraded through increased 
biological and chemical pollution from such sources as industries, commerce, 
residences and transportation systems. Part of the chemical load is attributable 
to nutrients which result from greatly increased sewage flows, since the effluent 
from sewage treatment plants is characteristically discharged into streams. 
Superimposed on this biological and chemical pollution are the effects of rapid 
water run-off and sediment from paved and eroding vegetation denuded land. In 
the headv/aters and interstream area, soils are washed away at catastrophic rates, 
frequently leaving sterile and impermeable subsoils of increased erodabillty. On 
the floodplains, whose ca[)acities become too small to contain the augmented flood- 
waters, coarse gravels and silts now cover the former fertile deposits of the 
pre-technological period or cut across them in newly eroded channels. At the 
same time stream banks bereft of their former mesh of protecting vegetation and 
roots, are more subject to erosion thiui in their natural state. Characteristically 
also the water storage capacity of floodplains is diminished by Riling and 
construction. Thus flooding may be aggravated in both upstream and downstream 
reaches due to poorly designed road embarkments and oi.her structures. Bank 
caving, flooding of residences, and destruction of roads, and bridges is the order 
of the day. Although some sediment which clogs the stream channels may be 
removed by dredging operations, most of fine material is transpoirted into 
esturaries and bays where it contributes to fouling of shellfish beds, fish spawning 
grounds, wildlife habitat, and recreational waters. All along these urban rivers 
oil slicks line the banks and mud flats and obstruct the flow of raw or poorly 
treated sewage and solid debris. Frequently the worst of these effects occur in 
the most densely populated areas and deny the inhabitants even a modicum of 
water recreation. 


We ire concerned here with a restricted version of corrying capacity thot is defined in relation 
to cortoin indexes of environmentol quality or levels of pollution. By contrast the oltimote 
corrying capacity of the Earth depends on ovoiloble resources and total environmentol foctori. 
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In addition to the environmentally detrimental effects of rapid water nm-off 
is the loss of a valuable resource. The multiplication of impermeable surfaces 
through urbanization increases rot only the peak discharge of storms but also 
the absolute quantity of water lost to the watershed throughout the year. Thus 
there is a general dehydration effect of urbanization. 'Vater which is lost is 
prevented from recharging the ground water table and aquifers. Consequently 
more water must be imported Into the area or ahortages will be felt. This In 
turn places stress on neighboring regions which are called upon to supply this 
water. 


Most or all of the effects listed above have been Identified in the Anacostia 
Basin and in the Potomac Estuary into which the Anacostia discharges (Mueller 
and Lahn, 1970; Jaworski Clark and Fiegner, 1970). Of particular weight in the 
Anacostia Basin is a transportation system which Is centered on the private 
automobile. This large automobile population in the basin glvet rise to a con- 
tinuous seepage of oil into streams from highways, parking lots and service 
stations. The oil pollution from automobiles has its complement in the silt, 
concrete spoils and gravel pits which result from the construction of highways 
to serve these veljicles. The proliferation of highw-ays and their associated 
impermeable surfaces in turn cause greatly accelerated run-off and water loss 
to the basin. By and large the various forms of environmental degradation re- 
inforce each other so that the cumulative effect is greater than the sum of its 
parts. 

The purpose of this study is to determine the local and regional effects of 
urbanization on the liydrology and related factors of a drainage basin. In paitic- 
ular the effects of urbanization on run-off, stream discharge, and sediment yield 
are evaluated and compared for different storm events and for varying degrees 
of urbanization. We feel that such studies as these, conducted by responsible 
public agencies should be required to precede any future major construction and 
should form a logical part of the environmental impact statement of the project. 


Mi'.. ( liODS 

Aerial photographs of three sub-drainage basins of the Anacostia Watershed 
(Figure 5) taken in 19G4 and 1971 were compared for purposes of determining 
the change in land use patterns (Figures 1, 2, Table 15). Black and white aerial 
photography was utilized for this purpose and was supplemented with high altitude 
infrared photography which was especially useful in determining badly eroded and 
bare or exposed ai'eas. Earth Resources Technolog>* Satellite (ERTS) Imagery was 
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used fur studying the overall regional land use relationships of the Anaoostia 
watershed. Ceology, land use patterns 03id the soil cover associated with a given 
land use are the predominant factors which influonce the hydrology of a given 
basin. The geology is shown in Figure 3 and in Table 16. A soil map (Figure 4 ) 
of the Little Paint Branch, and a sub basin of Indian Creek Basin, which reflect 
the textural characteristics of the various soils, was compiled from the Prince 
George's and Montgomery County soil surveys of 1967 by mapping together those 
imits whose textural classes were the same or very similar. Hydrologic 
characteristics of the soils were then determined. The hydrologic characteristic 
of a particular soil and its susceptibility to erosion is determined by the rate 
of infiltration of water when it is thoroughly wot. 

Presented below are the hydrologic characteristic categories developed by 
the Soil ConsejTvation Service (SCS) and used in Uiis report (Soil Conservation 
Service Handbook, 1954); 

A. (Low run-off potential). Soils having high infiltration rates even when 
thoroughly wetted and consisting of deep, well to excessively drained sands and 
gravels. These soils have a high rate of water transmission. 

B. Soils having moderate infiltration rates when thoroughly wetted and con- 
sisting chiefly of moderately deep to deep, moderately well to well drained soils 
with moderately fine to coarse textures. These soils have a moderate rate of 
water transmission. 

C. Soils having slow* infiltration rates when thoroughly wetted and consisting 
chiefly of soils with a layer that impedes dowmward movement of water, or soils 
with moderately fine to fine texture. These soils have a slow rate of water 
transmission. 

D. (High run-off potential). Soils having very slow infiltration rates when 
thoroughly wetted and consisting chiefly of clays with a high swelling potential, 
soils with a permanently high water table, soils with a claypan or clay layer at 
or near the surface and shallow soils over nearly Impervious material. These 
soils have a very slow rate of water transmission. 

Most of the soils in the area under study range between well to moderately 
drained. This means excess water in the soil profile is readily removed. How- 
ever, the presence of fragipan in the subsoil negates to a large degree the bene- 
ficial effects of the ir dl to moderately drained character of the surface soils. 

In order to simplify calculations and at the same time place conservative 
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bounds on values obtained for run-off and discharge an average hydrologic 
condition of "B** was chosen for all of drainage basins under study. B was chosen 
because of the variation in permeability of the subsoils, different susceptibility 
to erosion of the soils and otlier fa Jtoia. A detailed analysis of individual soils 
in the basins would show that the * »ajorily of hydrologic conditions lie between 
B and C with a few in the A category. Using the hydrologic condition of the soil 
and the land use associated with a given soil (Figures 1 and 2) run-off curve 
numbers were next determined (Figure 7). The equations utilized for the deter- 
mination of run-off and soil erosion are the following: 


Equation (1) Q - (P - 0.2S)/(P + 0.8S) 
(SCS Handbook. laSl) 


Equation (2) Q = 484 XQ/(d/2 + 0.6 t^) 
(SCS Handbook',’ 1954) 


t„ = d/2 + O.Gt 
t, = 2.67 t 

u p 

Equation (3) A - Krlscp (Agri . 
Handbook 282, 1962) 


X = area of the watershed 
P = amount of rainfall in inches 
S = Potential maximum retention 
the intial abstraction 
Q = direct runoff 

Qp Pealc discharge 
cl = duration of effective rainfall 
t^ - time of concentration 
t„ = time to peaJ< discharge 
t “ time to base 


A = average annual soil loss in tons/acre 
K = erodability factor 
Is = slope length factor 
c = cropping management 
p = conservation practice 
r = rainfall factor 


Note: For estimating sediment yield from construction sites and other denuded 
areas, c and p were set = to 1. This is analogous to lands lying fallow. 


The curve number (CN) is a value which reflects the probability of precipi- 
tation becoming subsurface flow or overland flow, l.o., the higher the curve 
number, the more likely precipitation over an area will become (“ urface runoff. 

The curve numbers are then used to find a graphical solution to the runoff equa- 
tion (Equation 1, Figure 7), The direct runoff, which is the deptii in inches to 
which an acre of land would be covered if the water were evenly distributed, is 
then used in equation 2 which provides the peak discharge in cubic feet per second. 
For storms of long duration, hourly hydrographs of discharge versus time were 
compiled using eq. 2 with d equal to one hour. These incremental hydrographs 
were then combined into a composite hydr<^raph for tlie entire storm. 

Equation 3, tlie universal soil loss equation was used to estimate sediment 
yield from construction sites and otlier areas where vegetative cover has been 
removed and the soils disturbed. Such areas combined with bank erosion arc 
the major source of sediment pollution, t or these areas, the c and p factors 
were assigned a value of 1 ; this indicates that no measures have been taken to 
reduce the effect^ of erosion and this i>i true of most construction sites. 

In evaluating the changes in nm-off potential due to urbanization three 
hypothetical storm events were utilized. The storm events used were; 1) The 
first thirteen hours of a storm with the characteristics of hurricane Agnes, the 
last major storm over this area. Total precipitation fx’om Agnes in this area 
was 6.28 in. (16cm) of which 5.28 Inches (13. cm) fell within the first thirteen 
hours. 2) A storm of 10 hrs, duration and 3) A thunderstorm of 1 inch per hr. 
(2.54cm) typical of the typo of storm this area is subject to during the summer 
months. 

The data on runoff and discharge are based on these hypothetical storm 
events over the basins, given the land use patterns as they existed in 1964 and 
1971. The category "impervious surfaces" (IV) includes all paved surfaces and 
all surfaces which for practical purposes behave as impervious surfaces. Also 
the headings "effects on runoff "and" sediment yield and ditcharge" refer to the 
probable effect caused by the change In land use. Values for time of concentration 
and soil erodability factor, K were obtained from the monograph and curves 
developed by the Soil Conservation Service (SCS Handbook, 1954). 



DESCRIPTIONS OF BASINS 


Basin I - Little Paint Branch 

Dimensions - 'I*he reach extends from the Intersection of Spencerville Road 
and Route 29 in the north to a point 200 ft. ((Jim) south of where Sellman Road 
crosses the stream and is 6 miles {9.7Km) in length (Figure 5). The area drained 
is approximately 9 square miles (23Km^). The elevation differences between the 
highest and lowest point in the basin is 320 ft. (98m) and the topography can be 
described as rolling. The slopes (Figure 0) range generally from 0-25%; the 
steepest slopes being located along tributaries and the main stream. The flood- 
plains along the main stream (Little Paint Branch) are relatively narrow in the 
upper portion of the basin and broaden as the stream crosses from the piedmont 
into the coastal plain province. The widening of the flood plains in this basin 
begins in the Beltsville area. The basin is bounded on the north by Spencerville 
Road, which forms part of the divide between the Anacostia and Patuxent watersheds, 
on the west and southwest by Columbia and Cherry Hill Road and on the east by 
Old Gunpowder Road, which is the divide between Little Paint Branch and Indian 
Creek, 

Geology - (Cooke, and Cloos, 1951, 1953) The brsin lies in both the piedmont 
and coastal plain geologic provinces (Figure 3). 'i'he geologic formations under- 
lying the basin are the Wicomico, Patuxent, Laurel Gneiss and Wtssahickon Schist. 
The P&tuxent formation dominates the geology of this basin and the two other 
basins under study, and consists of deposits of unconsolidated sand, gravel, clay 
and silt; the percentage of eacli varying with locati'^n. Tlie Laurel Gneiss and 
Wissahickon Schist unde rly the headwater and tributary regions of the basin with 
the Patuxent occupying the divides between the tributaries in this region (Fig- 
ure 3). CJuantemaiy and younger deposits of sand, silt and gravel form the flood 
plains at the southern tip of the basin (Figure 3). 

Soils - (Prince Georges County Soil Survey, 1907) The major soil associations 
within tho drainage area are Leonardtown - Chillum, Beltsville and the Bibs 
tidal marsh associations. The first association is the predominant one In the 
brisin with the Beltsville soil series being the major constituent. The Leonard 
Town occupies deiiressions and low places and maices up approximately 14'};. of 
the series and the Chillum and other minor soils comprise the rest of the series. 


The soils differ in varying degrees with respect to drainage and other 
aspects but they all have in common a fragipan of varying permealsility in the 
subsoil. Some of the characteristics of the predominant Beltsville soil area 
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are a*> follows: moderately well drained but with moderate effective depth, thick 
and very compact fragipan in the subsoil, clay content ranges from 18-35 percent, 
with a seasonally perched water table. The Prince George's cri!;i;» soil survey 
also points out that the Beltsville soils pose special problems fe; residential use 
and that they are best suited for park and recreational development. The Bibb 
series consists of poorly drained soils on the flood plains along the streams of 
the coastal plain. These soils are confined to the Beltsville-Calverton area in 
this basin. Because of the poor drainage and flooding prc’ilems associated with 
these soils, residential use of the soils is limited. However, a substantial portion 
of those soils in the basin have undergone some development (Figure 4). 

Land Use Patterns - The land use patterns based on the analysie of 1971 photog- 
raphy are as follows; High density suburban complexes, and pavod roads comprise 
approximately 14.4%. The high density housing areas are concentrated towards 
the southern end of the basin near the Capital Beltway and along the Interstate 95 
highway (1-95) (Figure 1). Most of the high density areas are made up of single 
family homes of the Calverton housing development and parts of the city of 
Beltsville as well as 1-95. Denuded land, gravel pits, medium density suburban 
complexes together comprise 8 percent of the basin. The gravel pits are scat- 
tered throughout the area with most of them located adiacent to 1-95. Grass- 
land and lawns associated with low density housing areas, cropland and medium 
to lightly wooded areas comprise approximately 40% of the area. Compar- 
atively little land is presently used for farming in the basin. Low density housing 
is distributed between Boute 29 and Columbia Road along the west side of the 
basin. The rest of the area consists of relatively heavily wooded areas. Since 
1964 the major changes within the basin have been the construction of 1-95 and 
approximately 50^’/- additional housing and rou..s in the Calverton- Beltsville 
area. (Figure 1 and 2). 

Effects on Runoff and Discharge - A comparison between land use in 1972 and 
1964 (Figs. 1 and 2) shows the following changes in the Little Paint Branch basin; 
(1) An increase from 271 acres of impervious surfaces or surfaces that for 
practical purpose can be considered impervious to 847 acres of impervious 
surfaces. This additional 576 acres is due chiefly to construction of Interstate 
95 and the addition of housing and roads to the Calverton Area. Over 300 acres 
of the new construction occurred at the expense of wooded areas. (2) Thus 
occurred a reduction of the heavily wooded areas from 2757 acres to 2217 acres 
and a decrease in bare or exposed surfaces from 580 acres to 472 acres. The 
latter includes sand & gravel areas, and those areas which are easily eroded. 
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It can be seen from Tables 1 to 0 that the most significant factor affecting 
total runoff is the area of impervious surfaces relative to those of low runoff 
potential, especially those which are heavily wooded. For the hypothetical storm 
of Agnes' magnitude, peak discharge would Increase from approximately 1650 to 
1850 cfs (45 to 53 cms) (Figure 8). This is approximately a 12 % increase in peak 
discharge. For the hypothetical 10 hour storm the Increase in discharge is ap- 
proximately 20*^ (Figure 9) and for a thunderstorm the increase in discharge is 
150% (Tables 13 and 14). This Increase in the percentage of discharge with 
decrease in storm magnitude can be attributed to the fact that for long duration, 
high Intensity storms maximum Infiltration rates are quickly attained and all 
surfaces act as relatively impervious surfaces, whereas for the less intense 
storms of shorter duration, runoff from impervious surfaces begins immediately 
while all of the precipitation occurring on low runoff potential areas may be taken 
up by infilti ition (Yorke and Davis, 1972). The increase in rates of runoff and 
discharge can be attributed to the 10% increase of impervious surface in the 
basin. Computed rates of discharge Wwuld be substantially higher if accoimt 
were taken of the effect ox sewer drains and other structures which facilitate 
runoff since these structures decrease the time of concentration. 

Also, the most detrimental effects of this increased discharge will be on 
tliose tributaries closest to the urbanized areas. For Instance, those tributaries 
which drain the Calverton area are now being subjected to flooding due to thunder- 
storms whereas beibre urbanization, such storms did not pose a threat. 

Although the relative change of peak discharge is most pronounced for the 
smaller storms there is a marked increase in incremental discharge for the 
larger storms from 1904 to 1971. In particular this is apparent from the storm 
of Agnes * uiagnitude. Figure 8 shows tlmt the discharge for the luth hour was 
increased by more than 100 percent as a result of urbanization. Such effects 
greatly increase flooding and damage during early stages of the storm. 

Effects on Sediment Yield - Urbanization affects sediment yield in two major 
ways: (1) by denuding land ul vegetative cover and therefore making soil suscep- 
tible to removal by runoff tuid (2) the increase in discharge due to urbanization 
Increases a stream's ability to erode its banks and bed. Only the sediment 
yield from construction and other bare and denuded areas will be considered here 
since these areas contribute the bulk of the sediment delivered to the stream 
channels (Guy and Ferguson, 1964). Storm runoff will have its most adverse 
erosional effects during periods of construction when the land is bare for long 
periods of time. On a yearly basis sediment yield from construction areas within 
the basin may range from 137 metric tons/acre to 300 metric tons/acre. 
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From Eq. 3 we find that for a single storm which drops 3 inohes (7.6 cm) of rain 
in ten hours the sediment yield is approximately 40 tons/aore. Of the total 
gross eroded sediment during storm uveuts at least 30% finds its way into the 
main channel immeuiately and the percentage becomes higher as the proximity 
of construction to tributaries become closer. In particular such was the case 
during the expansion of the Calverton area where tributarties nm directly 
throi^h the construction (Figure 5). Consequently as much as 50 to 60% of the 
gross erosion from this site may have found its way into the stream channels 
during storm events. Furthermore, these soils were classified prior to con- 
struction as being moderately to severely eroded so that further disturbance 
of the soils in this area would probably increase the soil erodibility factor far 
above 0.32 which is the average for the basin. Therefore sediment yield for 
this area might have been as high as 250 metric tons/acre/yr. Likewise, the 
sediment yield from certain areas associated with the construction of 1-95 
probably was higher than the average of 137 metric tons/acre/yr. This is 
true because slopes within the construction area range between 15-25% and the 
fact that the soils in this area were classified as being moderately eroded prior 
to disturbance. 


Basin II - Indian Creek 

Dimensions - The basin is drained by a segment of Indian Creek which 
extends from a point 2000 ft. (620 m) north of where Indian Creek crosses 1-95 
to the intersection of the creek with Sunnyside Avenue in Beltsville (Figure 5). 
This is a total length of about six miles (9.7Km). Total drainage area is approxi- 
mately 10 square miles (26PCm^). 

Geology - (Cooke and Cloos, 1951, 1953) The basin lies entirely within the 
Coastal Plain geologic province, and is underlain by the Patuxent, Anne Arundel 
Clay and Wicorn’co Formations. The Patuxent Formation underlies over 8C% of 
the basin with the Anne Arundel Clay making up 17% (Figure 3). 

Soils (Prince George's County Soil Survey, 1967) The majer soil associ- 
ations in the basin are the Christiana - Sunnyside- Beltsville, Beltsville- 
Leonardtown-Chillum, and Bibbs tidal marsh. The dominant soil series within 
the basin is the Christiana-Sunnyside-Beltsville series. Most of the urban 
development has trken place on these and the Bibbs tidal marsh soils. Some of 
the characteristics of the Christlana-Sunnyside association are: (1) well-to 
moderately drained with compact subsoil, (2) soils tend to cave. (3) to slump and 
flow when wet or under load of buildings; and (4) septic tanks do not function well 
in thece soils. 
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Topography - This is essentially the same as that of the adjacent Little Paint 
Branch basin. 

Land Use - Land use patterns in 1971 were as follows (Figure 1): High density 
areas made up approximately 19^- of the basin and are concentrated close to the 
beltway. These areas include part of the city of Beltsville and portions of 1-95 
and industrial sites located along route 1 and adjacent to the Baltimore and Ohio 
railroad. Denuded land mostly in the form of operational gravel pits comprises 
17-1/2 percent of the basin. The remaining area is comprised mostly of wooded 
areas and cropland of the U. S, Department of Agriculture research center, with the 
heavily wooded areas making up approximately of the basin. The major 
changes within the basin since 1964 have been the addition of 1-95 and expansion 
of sand and gravel operations (Figure 2). Also residential housing and industrial 
areas have been added in the Beltsville areas. 

Effects on Runoff and Discharge - The significant changes are as follows; 

(1) increase of impervious surfaces from 956 to 1200 acres, (2) increase in 
gravel and sand operations from 335 acres to 475 acres and a decrease by 150 
acres of heavily wooded areas. The result of these conversions represents a 
3% increase in urbanization since 1964. For the first thirteen hours of storm of 
Agnes' magnitude, the peak discharge increases by approximately 9^ . For the 
ten hour storm, discharge would increase by 25%. (Tables 9, 10, 13, 14). Al- 
though the increase in discharge for the storms of long duration is relatively low, 
the 27% increase in discharge for thunderstorm may prove significant, espe- 
cially in those areas of BeltsviUe located along the flood plains. Also since the 
incidence of such storms as Agnes and the 10 hour storm may be 50 and 2 years 
respectively, the effect of local thunderstorm is relatively more important. 

For example, the Arlandria area of Northern Virginia is quite frequently subject 
to flooding due to local thunderstorms. The inability of Four Mile Run to 
contain the increased discharge due to rapid urbanization in that area accounts 
for the frequent floods to which it is subject. 

Effects on Sediment Yield - In 1971 the Indian Creek basin had approximately 
200 to 400 acres of land in the form of sand and gravel pits and other unreclaimed 
areas associated with construction of 1-95. Using equation 3 we see that sediment 
yield from this area ranges between 50 to 150 thousand tons per yr. However, 
the major localized erosional damage occurred during the period of time that the 
80 acres of land associated with 1-95 lay bare of vegetation. As was the case in 
the adjacent Little Paint Branch Basin, most of the soils on which 1-95 was con- 
structed were classified as moderately eroded (Prince Georges County Soil Survey, 
1967). With the denuding of the land, the susceptility of these soils to erosion increased 
greatly. Assuming ;that the K value after removal of vegetative cover was 0.43, 
and using eq.(3), sediment yield from this area would have amounted to approxi- 
mately 200 metric tons/acre/year. 
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Considering the fact that the construction site lay bare of vegetation from 
6 months to 1 year, this amounts to 12,500 to 25,000 metric tons from that portion 
of 1-95 which crosses the basin. 

Basin III - Indian Creek 

The third basin studied is a sub-basin of Indian Creek. T.liis basin was 
chosen in order to minimize variations of soil, geology, topography midthe 
other parameters which affect the hydrology. Also virtually all of the Impervious 
surfaces within the basin were of one source and location (1-95). 

Dimensions - The reach extends from headwaters of Indian Creek to a point 
1000 ft. (300 m) below the Intersection of 1-95 and Indian Creek (Figure 5). The 
total drainage area is appi oximately 1.6 square miles (4.15Km^). 

Geology - (Cooke and Cloos, 1951, 1953) Deposits of the Patuxent formation 
underlie the entire basin. 

Soils - (Prince Georges County Soil Suiwey 1967) Over 90% of the soils in 
the basin are made up of the Beltsville and Mattapeake soils. The Beltsville 
soils have been described previously. The Mattapeake soils are mostly silt 
loams, moderately to sev^erely eroded, with clay content varying from 18 to 30% 
(Figure 4). Slopes in the basin vary from 5 to 25% with most of those asso- 
ciated with 1-95 falling in the 10 to 15% range (Figure 6). 

Land Use - Land use in 1964 was as follows (Figure 1, 2): 400 acres medium 
to heavily wooded, 300 acres in grass or meadow land, 300 acres of bare eroded 
and denuded land in the form of gravel pits. The only change in land use since 
1964 has been a converison of 50 acres of woodland as a result of the construction 
of 1-95. This change represents 5% of the drainage basin. 

Effect on Runoff and Discharge - Considering a storm of Agnes* magnitude, 
the change in peak discharge would be approximately 25%, for the 10 hour storm 
the peak discharge would Increase by approximately 40%, and for a thunderstorm, 
peak discharge rises by approximately 110%. 

Effects on Sediment Yield - The sediment contribution from the sand and 
gravel pits and the construction phase of 1-95 has been estimated previously in 
discussing the larger Indian Creek basin, but it is interesting to calculate the 
sediment eroded from the 50 acres of the 1-95 right of way during construction. 
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In this case K = 0.5, Is = 2.0. If we utilize these values in eq. 3 and utilize the 
yearly rainfall factor we obtain 200 metric tons/acre/yr. For a severe thunder- 
storm A = 40 metric tons/acre/yr. or a total of 2000 metric tons of sediment 
eroded from a 50 acre segment of 1-95. This illustrates further the effects of 
denuding wooded and other low yield areas. 


SUMMARY AND CONCLUSIONS 

The analysis of the effects of three hypothetical storms, particularly based 
on the hydrographs (Figures 8 and 9), indicates that the d^ree of urbanization 
which took place in the Anacostia Basin between 1964 and 1971 greatly enhanced 
flood peaks of thunderstorms and the early hourly incremental run-off of large 
storms such as tropical storm Agnes. As a result of these effects local flooding 
and flood damage of such storms probably increased significantly. It is likely 
for example that the effect of the actual storm Agnes was considerably greater 
than if it had occurred in 1964 rather than in 1972. Although these results were 
obtained from selected basins of the Northeast Branch of the Anacostia similar 
effects also occur throughou the Basin where a corresponding degree of urban- 
ization prevails. Thus, it was documented recently (Cohen, 1972) that extensive 
damage to property values occurred at the George Washington Cemetery on the 
Northwest Branch of the Anacostia due to rapid run-off from the Capitrl Beltway 
(Interstate Highway 495) and newly urbanized areas upstream. Damage in this one 
small area was placed at one million dollars. 

In addition to the effects of erosion, siltation and flooding, urbanization 
brings about a serious loss of water resources throughout the year. This loss is 
particularly great in the case of the frequent summer thunderstorms because 
for such storms there is a great potential for infiltration in non-urbanized areas 
since the ground usually does not become saturated during the short period of 
the storm. However with the spread of impermeable areas this short term 
capacity for water retention is lost. However Figures 8 and 9 show that even 
for the larger storms absolute water loss is increased substantially by impervious 
surfaces since apparently substantial infiltration can occur during the period of 
the storm even though the ground is kept saturated. 

We may also extend our results on erosion and siltation to the entire 
Anacostia Basin. Thus the U.S. Geological Survey has made a conservative 
estimate that sediment deposition in the Potomac Estuary is approximately 2.1 
million yd^ annually (Wark and Keller, 1963). Of this amount approximent 12 
percent or 251,000 yd^ is contributed by the Anacostia River. The major sources 
of this sediment are those areas which are undergoing urbanization similar to 
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those doscribed In this report. We estimate from aerial photoF^raphs and ERTS 
data that about 5 percent of the Anacostia Basin fits this category. According to 
equation 3 the sediment yield from this area should amount to approximately 
400,000 yd^ annually. Considering the uncertainties in such figures this Is In 
essential agreement with the Geological Survey result. 

T^e qualitative and quantitative assessment presented here for run-off, 
erosion and slltaticm In the bidian Creek and Little Paint Branch watersheds 
may also, with proper qualifications, be generalized to other basins with similar 
geologic and hydrologic conditions. The remote sensing data, here largely ob- 
tained from aerial photographs, may also be expanded to include earth satellite 
data which might then be used to integrate and interpolate in larger basins, 
particularly in the coastal plain. 

Because the Anacostia River is a good prototype of an urban river and 
because its water flows into the Potomac Estuary and eventually into Chesapeake 
Bay, studies of the effects of urbanization on this River can contribute materially 
to assessing the larger impact of urbanization on urban populations and coastal 
waters. For example these results can be extended to other nearby urbanized 
regions such as Baltimore if account is taken of the larger industrial sector in 
that region. In particular the adverse effects of chemical pollution, oil, sewage, 
and sediment which emanate from such urbanized watersheds illustrates that 
waters such as Chesapeake Bay cannot be protected without considering all 
pollutant loadings on every watershed which drains into them. Indeed past and 
current policies with regard to Chesapeake Bay fail seriously in this regard. 

Also such studies illustrate that the quality of urban rivers and of the lives of 
those living along them depend greatly on what occurs in headwater regions, 
frequently in the suburban and rural areas. 
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Table I 

Basin I, Little Paint Branch 
Storm: First thirteen hours of Agnes 
Total Bainfall 5.28 inches 
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Table 2 

Baain I. Little Paint Branch 
Storm: 10 hra., total rali^all 8 Inohea 
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Table 3 

Basin II Indian Creek 
Storm: First 13 hrs. of Agnes 
Total Bainfall 5.28 inches 


■ 





P ' hvuriy ftccumulfttcd ruitfih 







i 


l(utn| 

(i-iti 

ii.Oi) 

(2.3) 

13.3) 

(3.0) 

(4.2) 

|7.t) 

(B.Vl 

(10.5) 

(13) 

1(3.2) 

U3.6) 


M.M7 

U-49 

u.vo 

0.20 

o.to 

I.ID 

I.OS 

2.70 


4.16 

6.0V 

6.17 

6.29 

. ■ p " t ■ 

ll 

« % 





U 

- iu‘cumulat(hl direct run-vtf 






i 




1 




(0.2641 

(1.27) 

0.02) 

(2.64) 

(2.79) 

(2.92) 

i 1 









O.l 

0.6 

v.a 

t 

M 

1.10 

1 








(U/d03l 

(i.U21 

(2.6t) 

(2.79) 

(4.32) 

(4.46) 

(4.70) 

II 

(iU 




' 



0.00 

0.4 

1 

l.t 

).7 

1.76 

J.HS 






(O.JCil 

lO.OOl 

(0.6U 

(2.03) 

(3.u6l 

(6.00) 

16.69) 

(7.02) 

(9.13J 

(9.IH1 

1 •» 





V.I5 1 

0.16 


0.7 

>.2 


2.2 

3 

3.2 

3.4 




II. IT) 

(2.U3) 

(2.'2tl) 

(2.2») 

(S.W) 

(4.10) 

(O.bli) 

(O.OI) 

(IO.S4I 

(12.031 

U3.3) 

(13.41) 

1 '• 

f 

JHH 

MW? 

O.'IO 

Ci.»0 

0.411) 

0.00 


).U5 

2.70 

3.90 


5.o« 

6.17 

6.20 

J. /« 





Aero* »< (71) tVtontliU 

run off In nere^in :uui in hvclare cm 




' * 

|i M .:.' -I 









(3J7J 

(IUM» 

(2010) 

(3307) 

(3700) 

l39ui)| 










32* 

loiu 

lUOU 

3270 

3000 

3K00 

1*'' , . 

II t*. i .'ij 








(123) 

1017) 

(1042) 

(loyii) 

(2031) 

(2703) 

(2979) 

!' 








13') 

OOo 

lOOO 

loou 

25bU 

2030 

2«u0 

•E« 





|70l 

(75) 

IO?*l 

(31 1 1 

(bhO) 

(U77> 

(Im79) 

(1470) 

R 3BI 

(lOOO) 






n 

73 

y& 

333 

070 

you 

luoo 

1430 

■ 

]<>60 

j"' 


I"0) 

(&03) 

{lUO^J 


llUtll 


U'117) 

(3331) 

M*'3;i;i 

(6(40) 

(0270) 

(03731 

(0627) 




SSu 

1UJ5 



H50 

2fHiU 

3210 

•17UU 

6000 

Uluu 

0200 

0300 

1 : 




AcriD 

(i;-n p 

otcnUul nm-olf in unU in 1u 

flare cm 




pM..;. 

■ 








1370) 

(1)!I0U) 


(3004) 

14(12) 

(4200) 

i ....-I 









300 

|.uo 

lUiU 

3504 

4000 

41fiU 

;iE 








(120) 

(032) 

( 1 oy n 

0747) 

(2093) 

(2776) 

(2930) 









U3 

016 

1C49 

1700 

2020 

2700 

2860 

I: III 

Jl <♦. 





piv 

161) 

(00) 


1411) 

ibbUi 

(VOt) 

O02») 

(11001 

(1172) 

;vi - 





00 

00 

t*7 

230 

400 

M70 

740 

louo 

1070 

nio 



lO'Ji 

H&2I 

(H3) 

(IIJS l t 


11172) 

cioin 

12062) 

(3024) 

MU70) 

(4905) 

(50h0| 

(6101) 



07 

4tU 

tli^U 

bOO 

0(i0 

U-lo 

)67u 

30PS0 

37J(i 

33<i0 

4H00 

4950 

5050 


p.#< -p.ioti®r». I«nd uls CL U C i. <«»*• "umbt.* :CN« and et.Mge o»«ow0itd * toth h,d»«ioa*< comals* Ce»pi«*s» e«s 

-J.- Ivl'O*-* 

I - -ly <«^io<Isd 

I' . <fl#odo* »^ps e^set. fa«miO"d med'um to l«gh»lir wooded «*•«♦- 'ow dtni«*y *o*<dont«ol hoMt'Sg orsoi 

urn . 0,>i< <5«»ud«<i o»oo* «wi(Opi*blO s'Ottse. niodiiirm density hooftiAg oiooft 

h w - i..vc.,-..v* >M*loc*» %v<h a% (Oodt and high dtiisily iwhurbon mdvttr^el «r«o» ond «ho*o or*o« »ho» t oe b» t.on*-deifd <o ho*o «ginb*»» 

^ at* volusi hocrattt. («el><nttert end h«<ters-cA 


18 




Table 4 
Batin II 

Stonr^ 10 hrt. Total rainfall, S inches 
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Acrca XQ (64) - Potential run-off In acre-ln and in hectnro-cm 
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III - Bara, dtnudad araai autaaptibla ta arotion, madigm daniity hauting eiaot 

IV - Imparviowt tufleeat tueh at raodt and high dantily tuburban indutirial araat and thota oraa, that can ba caniidarad 

ta hava aurva nuntbart ■ A5. 

Flgurat in patanthatai ata Battle valuat; hactarat, eantimatart and haetata-am. 
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Table 5 
Basin m 

Storm: First 13 hrs of Agnes 
Total Rainfall 5,2« Inches 



111 ' C* SiCdiJo* tjpl’ Q'*ev. I'ghtly AoO’ittS 'itf iM >0* •Ir" 

’ii> ■ tv f pi' i'C'M*' 

n * ■ dn -0v« tv/<d ;■. #t tv « Ik 'uud* e»>J •J#oi>"*i> tvl-v*t 0<' ' "^1 >j< SuV u 'Vjl . pjr> tap •.‘^iT'%' i'O'P ■! '.<> - P "wr tP* « ^’!' 

f x^p. >Pt k gi uip >k •<••■. vdlePv I'P-. '<)^P*. '. da>* •. 
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Table 6 
Baain in 

Storm: 10 hra. total rainfalli S inchea 


P * hourly acounmlitod rainfall 


(0.762) 

0.3 

(1.62) 

0.6 

(2.20) 

0.8 

(3.0S) 

1.2 


n 

(5.33) 

2.1 

(0.10) 

2.4 

(6.»0) 

2.7 

(7.62) 

3.0 

L.U.C, 

CK 




Q accumulated direct run-off 




I 

a 








(0.127) 

0.05 


BwTTil 

U 

65 





(0.076) 

0.03 

(0.254) 

O.l 

(0.457) 

0.18 

(0.686) 

0.27 

(0.840) 

0.37 

(1.27) 

0.60 

m 

82 



(0.254) 

0.1 

(0.533) 

0.21 

(0.888) 

0.35 

(1.40) 

0.65 


(2.41) 

0.85 


(4,83) 

1.8 

IV 

100 

(0.762) 

0.3 

(1.S2) 

0.6 

(2.28) 

0.8 

m 

(3.81) 

l.S 

(4.67/ 

1.8 

mm 

(6.10) 

2.4 


m 

Acroa 



Acroa XQ (71) potential run-od In acre-ln and ii, hootaro«om 


' (121) 
300 

1 

■ 


■ 

m 


■ 

■ 

do) 

16 

(31) 

30 

(62) 

60 

" (142) 
3S0 

1 

■ 


H 

1 

(ID 

11 

mi 



'131) 

130 

(180) 

176 

III 

(121) 

300 

1 

■ 




(108) 

105 

(170) 

165 



(3C6) 

345 

(586) 

570 

(20) 

SO 

1 

li 

(31) 

30 


(62) 

60 

(77) 

76 

(83) 

80 

(108) 

105 

(123) 

no 



(139) 

135 

(154) 

ISO 

Ac: rea 



Acroa XQ (64) - potential run-off in acre-in and in hectare-in 


' (142) 
(360) 

1 

■ 

■ 

■ 

■ 


■ 


(18) 

18 


(72) 

70 

" (142) 
3S0 

1 

H 

H 

■ 

■ 

'll) 

11 

Hi 

(65) 

03 


(134) 

130 

(180) 

175 

III 

(121) 

300 

1 

H 

H 

HhQfl 


(108) 

106 

(170) 

165 




(686) 

570 

■'^0 

■ 


IHi 


nil 



llll 


■ 



R«l«tienih^p b«tw*tn tand ua* elaitifieatian t C U . cv^va numbart, (CNl and evaraga osioriiatad aach hy> 

dfologie complax. Campiaaaa ara cadad aa feilowi 
I - Haavily waadad araat- 

Grail ar maadaw typa araai< farmUnd, madium ta tkghtly araedad araal. law danttty rasidantiel houimg oraoi 
111 Kora. Hanudad araai laicapttbla fa arai^on, aiadium daniity houitng artai 

fV - Imparviaui larfaaai lach ai raadi and High daf>iifY it^Vurban mdutlrial araai and thoia araoi rhet can ba caniidarad 
ta hava curva nuntbari 15. 

Ftfurai in parantbaiai ara matnc valuai hactarai. canlimatar and hactara cm 
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Table 7 
BASIN I 

Little Paint Branch, Storm.* First 13 hrs of A^es (9.2 mi.^) (23.7 Km^ 


At'C Q 

- .J 


(),, In CfS and 

cm 

bl 

71 

04 

71 

64 

71 

0 


0 


0.003 

(0.0070) 

0.01 

(0.0254) 

4 

(0,113) 

13 

(0.30N) 

U.UU3 

(O.(i07«) 

0.01 

(0.025) 

o.olo 


0.001 

(0,103) 

23 

(0.66) 

N2 

(2.32) 


(y.u53i 

O.OOG 

(0.100 

O.Olo 


0.O40 

(0.121) 

23 

(0.60) 

63 

(1.7N) 

O.UJ'J 

(II.UU9) 

0.14 

(0.36) 

0.017 

(0.013) 

0 


22 

(0.623) 

0 


U.Uglj 

(0.1 12) 

0.14 

(0.30) 

0 


0.05 

(0.127) 

6 


64 

(l.((l) 

u.uOu 

(0.1 12) 

O.IO 

(0.4N3) 

O.OlO 

(O.OlO) 

O.O-l 

(O.lOl) 

21 

(0.6KO) 

51 

(1.41) 

U.U75 

(0.101) 

0.5„, 

(0.*iN4) 

0.103 

(0.33) 

0.46 

(1.17) 

131 

(3.71) 

590 

(16.f) 

|.,17« 

(0.152) 

o.ONO 

(1.71) 

0.274 

(O.O'JO) 

0.64 

(1.03) 

360 

(9.91) 

N20 

(23.2) 

U.102 

(1.10) 

1.31 

(3 .30) 

0.550 

(1.41) 

0.11 

(0.279) 

710 

(20.1) 

140 

(3.96) 

i.m 

(2.50) 

1.41 

(3.00) 

O.UO 

(0.300) 

O.60 

(1.02) 

100 

(4.20) 

770 

(21.S) 

l.lilb 

(2. NO) 

2.04 

(5.10) 

0.543 

(1.30) 

0.09 

(0.229) 

690 

(19.5) 

115 

(3.25) 

ij;7 

(1.21) 

2.13 

(5.4!) 

0.091 

(0.239) 

0.09 

(0.229) 

120 

(3.40) 

115 

(3.25) 

1.7PJ 

(4.17) 

2.22 

(5.01) 




(0.0254) 



13 

(.368) 


I, 1275. Q , k 

Accunmlaifd I'un-oU and peak UlBchurj'e fur storm of Agnes' magnitude. The aceumulnied (j are 
wi'tghted values obtained from Table I by addlag verttually the acres xQ for each hourly Increment 
:uld dividing by total drainage area. The eorro8|>onding metric values are In parentheses. 
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Table 8 
BABIN 1 

Storm: 10 hre rainfall 3 inchea 


ACCQ 



Q 



In CIS and 

omi 

64 

1 

71 

04 

71 

04 

71 

0,014 

(0.090) 

0.043 

(0.109 

0.014 

(0.036) 

0.044 

(0.112) 

18 

(31.05) 

56 

(1.59) 

0.028 

(0.071) 

0.087 

(0.221) 

0 024 

(0.061) 

0.051 

(0.130) 

30 

(0.849) 

05 

(1.84) 

0.061 

(O.iaO) 

0.138 

(0.351) 

0.025 

(0.064) 

0.052 

(0.132) 

31 

(0.878) 

67 

(1.90) 

0.070 

(0.193) 

0.190 

(0.483) 

0.040 

(0.102) 

0.067 

(0.170) 

51 

(1.44) 

65 

(2.41) 

0,110 

(0,294) 

0.266 

(0.048) 

0.064 

(0.163) 

0.085 

(0.216) 

81 

(2,29) 

108 

(3.06) 

0.179 

(0.464) 

0.340 

(0.863) 

0,072 

(0.183) 

0.090 

(0,229) 

91 

(2.68) 

115 

(3.26) 

0.241 

(0.012) 

0.430 

(1.09) 

0.099 

(0.251) 

0.115 

(0.292) 

120 

(3.57) 

147 

(4.16) 

0.340 

(0.604) 

0.545 

(1.38) 

0.096 

(0.241) 

0.122 

(0.310) 

122 

(3.46) 

156 

(4.42) 

0.435 

(l.lOt 

0,067 

(1.69) 

0.185 

(0.470) 

0.192 

(0.488) 

230 

(6.51) 

246 

(6.96) 

0.020 

(1.07J 

0.859 

(2.18) 









Accumulated run-off and peak discharge for storm of .-nagnltude 3 inches in ten hours. The accu- 
mulated Q are weighted values obtained from Table 2 adding vertically the acres xQ for each 

hourly Increment and dividing by total drainage area. Definitions are as for Table 7. 
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Table 9 
BASIN n 

Indian Creek, Storm: First 13 hrs. of Agnes 
(10 ml'-') (26 Km^) 


1 ACC Q 



Q in as and 

cm« 

1 

71 

0.1 

7 

1 

U1 

71 

u 


0 


0.01 

(0.0251) 

0.013 

(0.033) 

11 

(0.011) 


(0.510) 

ll.ul 

(U.03&-I) 

0.013 

(O.033) 


(0.117) 

0.073 

{0.1 W5 

70 

(1.9«) ; 

lOU 

(2.»3) 


(0.173) 

O.OOO 

(0.3) s) 

0.050 

(3.150) 

0.071 

(0.18K) 

83 

(2.35) 

105 

(2.97) 

1 u.li" 

(0.333 

0.1 00 

(0.-100) 

0.017 

(0.013) 

0.02 

(0.051) 

14 

(O.Oll) 

38 

(0.703) 

U,MI 

(0.30«) 

0.1« 

(0.1571 

0 


0 


0 


0 


li o.j.U 

1 

(O.JjS) 

o.lo 

(0.157) 

0.0-10 

(0.117) 

0.05 

(0.127) 

70 

(1.9S) 

03 

(2.30) 

1 i.M.h? 

(U.17u) 

0.33 

(O.oSl ) 

0.113 

(0.3H7) 

0.15 

(0.30) 

151 

(1.20) 

200 

(5.H<J) 

1 u.yuu 

(0.7031 

0.3M0 

(O.105) 

0.315 

(O.HUO) 

0.30 

(O.UH) 

150 

(12.71) 

500 

(14.10) 

U.UIG 

(l.OOl 

0.735 

(l.«7) 

0.505 

(I.-IO) 

0.025 

(1.59) 

107 

(1.73) 

HO 5 

(24.49) 

, 1 .JU 

(3.05) 

1.30 

(3.15) 

0.10 

(O.-loo) 

O.M 

(O.350) 

OlO 

(17.27) 

195 

(5.52) 

l.GOU 

(3.(5) 

1.5o 

(3.01) 

0.10 

(1.34) 

0.54 

(1.37) 

79(1 

(22.37) 

7.5U 

(21.24) 

1 ,wGU 

(1.70) 

3.01 

(5.10) 

0.120 

(0.300) 

0.13 

(0.330) 

159 

(3.94) 

IMO 

(5.10) 

! 

i 




V: 

4h4 10 

3 5 

1300. g^, g i 





Ai.-i.'umul;iU'il run- 

oU ;u\d pvrJi dlsvhargo lur otorm oi Agnos' 

iiiagnltudv. The accuntulalud Q arv 

wi.-iyl'.trLl ViJucb <jbt;iini‘d Iron' rablr 3 by addU"': vertic;dly thu ari'os xQ for 

’at'h hourly incro- 


! inciU 

t 

!Uid dividing by iui;il druiongi. 

• iiiva. 

The c-urreoiiondlng nu'tric vnluvs are In purcnthL-scb. 
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Table 10 
BASIN II 

Storm: 10 hra, rainfall 3 Inches 


ACCQ 

^’Q 

In CfS and ems 

64 

71 

64 

71 

64 

71 

0.044 

(0.284) 

0.056 

(0.142) 

0.045 

(0.114) 

0.054 

(0.137) 

63 (1.78) 

76 

(2.12) 

0.089 

(0.226) 

0.110 

(0.279) 

0.049 

(0.124) 

0.063 

(0.160) 

68 (1.93) 

68 

(1.93) 

0.138 

(0.361) 

0.173 

(0.439) 

0.050 

(0.127) 

0.060 

(0.152) 

70 (1.98) 

83 

(2.35) 

0.188 

(0.478) 

0.233 

(0.592) 

0.057 

(0.145) 

0.079 

(0.201) 

79 (2.24) 

110 

(3.11) 

0.245 

(0.622) 

0.312 

(0.792) 

0.071 

(0.180) 

0.086 

(0.218) 

100 (2.83) 

120 

(3.40) 

0.316 

(0.803) 

0.398 

(1.00) 

0.066 

(0.168) 

0.083 

(0.211) 

66 (1.87) 

115 

(3.26) 

0.382 

(0.970) 

0.481 

(1.22) 

0.106 

(0.269) 

0.126 

(0.320) 

147 (4.17) 

175 

(4.96) 

0.488 

(1.24) 

0.607 

(i.54) 

0.108 

(0.274) 

0.126 

(0.320) 

150 (4.25) 

175 

(4.96) 

0.596 

(1.51) 

0.733 

(1.86) 

0.166 

(0.422) 

0.214 

:0s544> 

230 (6.51) 

300 

(8.50) 

0.762 

(1.94) 

0.947 

(2.41) 








Ac' umulated run-off and peak diaoharge for storm of magnitude 3 Inches In ten hours. 
The accumulated Q are weighted values obtained from Table 4 by adding verticall> the 
acres xQ for each hourly increment and dividing by total drainage area. Oofinltions 



are as in Table 9. 
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Table 11 

BASIN ni Indian Creek, Storm: First 13 hrs of Agnes 
(1.6 mi^) (4.15 Km^) 


ACC g 

g 

— 

g, in CIS and cms 

U4 

71 

G4 

71 

04 

71 

u 


0 


0 


0.003 

(0.0015) 

u 


0 


u 


o.ouy 

(O.OOK) 

0 


0.020 

(0.051) 

0 


0 


tl 


U.OL’3 

(O.OSh) 



0.021 

(0.053) 

0 


16 

(0.453) 

il 


i.».U4-l 

(0.1121 

U 


0.0)0 

(0.117) 



14 

(0.390) 

t.\ 


il.OOO 

(0.229) 

it 


0 


0 


31 

(0.87») 

it 


U.OOU 

(0.229) 

U 


0.03 

(0.070) 

0 


u 


i) 


O.I2U 

(0.300) 

U 


0.173 

(0.139) 

0 


20 

(0.500) 



u.L'yy 

(0.744) 

U.CIK 

(0.20J) 

0.132 

(1.10) 

45 

(0.030) 

112 

(3.17) 

u.l 


(1.025 

(1.09) 

0.32 

(0.N13) 

O.O90 

(1.75) 

17ti 

(5.04) 

300 

(8.50) 

M.U 

(2.J9I 

1.310 

(3.34) 

U.5 

(1.27) 

0.133 

(0.330) 

200 

(7.93) 

175 

(13.15) 

1.1 

(2.7‘Jj 

MI'S 

(3.0«) 

0.02 

(O.OOl) 

0.010 

(1.50) 

' 11 

(0.31 1 ) 

90 

(2.55) 

1 .3 


2.001 

(0.21) 

0.4 

(1.02) 

0.131 

(0.333) 

224 

(0..34) 

425 

(12.03) 


(1.57) 

2.UIS 

(5.001 

0.3 

(0.702) 

0.0-10 

(0.117) 

1G8 

(4.76) 

«5 

(2.4 1 ) 





t. . 

4S4 1 55 

0M5 g,„ 

g ). 









I 1 





|: 

AcoumuJcitc'^1 ruu'otl :uul pi-iUv di6chiii‘j^c 

lot jilonn ul Agnes' 

magnitudi. 

. Che 

accumulalfd (l ar«.- 

J ivrly 

ilc'iJ vajurs 

oblaint-J fi'om rabk- 0 b.\ 

■ adding vei-tically thu acn.'S \g lor l 

acli huurly 

i nc rc - 

! 

mont 
1 

;uk1 di\iJin>; Ity tot;il <Jraina);i 

^ ai‘e:i. 

Tlio i.ijnos|)oniUng motrio valu 'S aro in iiarontliosos. 
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Table 12 
BASIN m 

Storm: 10 hra rainfall S inches 


ACCQ 





Q;, in CfS and ems 

64 

71 

64 

71 

64 

71 

0 


O.OIS 

(0.038) 

0 


0.015 

(0.038) 

0 


10 

(0.283) 

0 


0.030 

(0.076) 

0.030 

(0.076) 

0.045 

(0.114) 

20 

(0.566) 

31 

(0.878) 

0.030 

(0.076) 

0.075 

(0.190) 

0.033 

(0.084) 

0.048 

(0.122) 

23 

(0.651) 

33 

(0.93) 

0.063 

(0.160) 

0.123 

(0.312) 

0.053 

(0.135) 

0,068 

(0,173) 

36 

(1,02) 

47 

(1.33) 

0.116 

(0.294) 

0.191 

(0.485) 

0.094 

(0.239) 

0.099 

(0.251) 

64 

(1.81) 

68 

(1.93) 

0.210 

(0.534) 

0.190 

(0.485) 

0.063 

(0.160) 

0.088 

(0.224) 

43 

(1.22) 

60 

(1.70) 

0.273 

(0.694) 

0.378 

(0.960) 

0.035 

(0.089) 

0.137 

(0.348) 

24 

(0.680) 

94 

(2.66) 

0.308 

(0.783) 

0.515 

(1.31) 

0.192 

(0.487) 

0.115 

(0.292) 

131 

(3.71) 

80 

(2,27) 

0.500 

(1.27) 

0.630 

(1.60) 

0.315 

(0.800) 

0.325 

(0.825) 

216 

(6,12) 

222 

(6.29) 

0.815 

(2,07) 

0.905 

(2.42) 









Accumulated run-off and peak dia charge for storm of magnitude 3 inches in ten hours. The 
accumulated Q are weighted values from Table 6. by adding vertically the acres for each 

hourly increment and dividing by total drainage area. Definitions are as for Table 11. 


Of ig 

QVAt^r^ 
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Table 13 

Peak discharge of thunderstorms for the three basins in 1971 


BASIN I 


L.U.C. 

CN 

Acres 

Q 

A X Q 

I 

55 

2217 

(897) 

0 



n 

65 

2359 

054) 

0 



m 

82 

472 

(191) 

0.15 

(0.38) 

71 (73) 

IV 

100 

847 

(343) 

1 

(2.54) 

847 (870) 







918 

Q,, - 1275 X 0.15G = 200 cfs 
(5.6Gcms) 

91 8 

weighted Q = - 0.15G 


BASIN n 


L.li.C. 

CN 

Acres 

Q 

A X Q 

I 

55 

3275 

(1320) 

0 




II 

65 

1500 

(607) 

0 




in 

82 

475 

(192) 

0.15 (0.38) 


71 

(73) 

IV 

100 

1200 

(486) 

1 (2.54) 


1200 (1230) 







1271 


Q,, = 1390 X 0.198 

= 275cfs 
(7. 79c ms) 

• u. ^ ^ 1271 

weighted 

= 0.198 


BASIN in 

L.U.C. 

CN 

Acres 

Q 

A X Q 

I 

55 

300 

(121) 



0 


II 

65 

350 

(142) 



0 


in 

82 

300 

(121) 

0.15 (0.38) 


45 

(46) 

IV 

100 

50 

(20) 

1 (2.54) 


50 

(52) 







95 


Q = G85 

X 0.095 

= G5cfs 
(1.84ctns) 

95 

weighted Q . — 

= 0.095 
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Table 14 

Peal, diaohar^ of thunderatorma for the three baalna in 1964 


BASIN I 

L.U.C. 

CN 

Acrea 

Q 

A XQ 

I 

55 

2575 (1040) 

0 

0 

n 

65 

2469 (1000) 

0 

o 

m 

82 

580 (235) 

0.15 (0.38) 

87 (90) 

IV 

100 

1 271 (110) 

1 (2.54) 

271 (278) 



Qp = 75cfa 




(2.21cma) 


BASIN n 

L.U.C. 

CN 

Acrea 

Q 

A X Q 

I 

55 

3621 (1470) 

0 

0 

II 

65 

1548 (627) 

0 

0 

in 

82 

335 (136) 

0.15 (0.38) 

50 (52) 

rv 

100 

956 (387) 

1 (2.54) 

956 (992) 



Qp = 217cfs 




(6.14cms) 


BASIN m 

L.U.C. 

CN 

Acres 

Q 

A XQ 

I 

55 

400 (162) 

0 


n 

65 

300 (121) 1 

0 


! m 

82 

300 (121) 

0.15 (0.38) 

0.045 

IV 

100 

0 





Qp = 31 cfs 




(0.87cms) 



POOR 
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Table 15 
Key Land Use 


1. Town of Bellsville, - high density detached houses, very light vegetative 
cover 

2. Large light industrial warehouse and commercial area located adjacent 
to B&O railroad. 

3. Light woods and brush 

4. Denuded land 

5. Medium heavily wooded areas along flood plain and tributaries of Indian 
Creek. 

G. Cropland, land under cultivation 

7. Medium density housing 

8. Cleared land 

9. Baseball field 

10. Cleared land practically devoid of vegetative cover 

1 1. Lowland subject to inundation 

12. Cleared lowland area 

13- Medium uo heavy wooded areas 

14. Light density suburban area 

15. industrial Park storage and warehouse area 
10. Badly eroded area devoid of vegetation cover 

17. Light woods on flood plain 

18. Sand and gravel 

19. Denuded area undergoing construction 

20. Industrial Park 

21. Low densitj' rural area 

22. Baseball Field 

23 Under construction 
24. Powerline right of way 
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Table IS (Continued) 
Key Land Uae 


25. Heavily wooded lowland 

26. Multi -family dwellinga 

27. Aibilti -family dwellings 

28. Farmland 

29. Under construction 

30. Low density housing 

31. Juniqrard 

32. Cemetery 

33. Medium wooded area 

34. Heavily wooded (Evergreen) 

35. Medium to lightly wooded areas 

36. Farmland 

37. Farmland 

38. Sand and gravel operations 

39. Farmland 

40. Meadows 

41. Inoperational sand and gravel pit 

42. Sand and gravel pit 

43. Medium density Suburban Housing area (single family) 

44. Farmland 

45. Heavy woods 

46. Power line 

47. Eroded area 

48. Meadow/grassland 

49. Partially filled reservoir 

50. Sand and gravel pits and processing area 
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Table 15 (Continued) 
Key Land Use 

51. Small stand of trees 

52. farmland 

53. Pond 

54. Sand and gravel pit 

55. Badly eroded area or old gravel pit 
5U. Sub station 

57. Sand and gravel pit 
5«. Under construction 
59. Powerline 
(jO. Karmlaf’'! 

Ul. Golf course 

02. Sand and gravel pits 

03. Low density single family homes 

04. Low density single family homes 

05. Farmland 

j 00. Meadows 

! 

I 07. Farmland 

|j 08. Sand and gravel operations 
j 09. 1-95 and Interchange 

70. Low density single family homes 

71. Heavily wooded area 

72. Industrial Park 

j 73. liigii density multi-family housing units 

74. School 

75. High density single family homes 
70. Orohards/plant research 
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Table IS (Conolutled) 
Key Land Uae 


77. Construction site 

78. High density single family detached homes 

79. Low density single family homea 

80. Non-ope rational sand and gravel pita 

81. Denuded area 

82. Baseball field 

83. Low density single family homes 

84. Farmland 

85. Low medium densify single family homea 
8G. Golf course 

87. Woods 

88. Low density single family detached homes 

89. Denuded area 

90. Meadow 

91. Large estate 

92. School grounds 

93. Large est3:te 

94. Farmland 

95. Low density single family detached homes 

96. Low density single family detached homes 

97. Medium density housing areas 

98. Woods 

99. Medium density housing 

100. School grounds 

101. Low density housing 
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Table IG 

Geology (Cooko, and Cloos, 1951, 1953) 


iiw 


UMfomioo tormaUon (iJravoI, «and, and tJilt, stream 
dopoMltH pas.sing upward Into ostuarine dopoMit» to a 
tmiximum allitudo of 1 Pi toft abovo noa k-vel, about 
:a.i loot lid oU.) 


I'b 


Primdywino gravol (Anoio-nt alluviid bins sloi>ing gently 
downward from lui altitude ol aljprx. 3UU ft. above sea 
level. The I’otomac Ian ineludes many pei»bles of ohert, 
about m it, thieU.) 


Kp 


Palapseo lorniatton juid Arundel elay (undiflerentiated) 
(Dark-gray massfxa* elay oontainlng ligniti'^^d wood mid 
saurian bones overlain by nia.ssivo maroon clay and 
varicolored sand ami clay, probably mi outwasb deposit; 
about ami ft. thick.) 


Kpx 


PaiiiXomt formation (Large round iiobblos, fine white 
fiink, or yellow smid, mid thin lenses of white or iron- 
stained clay and kaolin. The smid beds commonly 
eoiitmn disseminated kaolin, probably an outwash 
deposit, abevil Uto feet tliick.) 


Im 


Laurel iidgmatile (Intensely grmiiti/.ed schist mi.ved 
with imjiure grmiite, nuiseovile mid biotite grmiite) 



Wissaliiekon oUgoelase-miea schist 















!• ii^ure 2. Clionsc* in huul use patterns since I'.Xil, (1) I'ormer wuoikui 
areas, (2) I'ormer denudeci areas, (2) Former meadow or urass areas 
Ajjpn.ximate Seale 1; ">(j, 2.')0. 






rifjfuro 3. CiooloKy map - see Table 16 for description of t}eolo^^>^ NoU 
extent of Patuxent Formation (Kl*x) which is a major aquifier. Approxi 
mate Scale 1: 56, 250. 








I- inure 1. Sjils map Ijaseil on t ..tui’al .-imilarilies. X Silt I.onin 
/ llravellj’ s:uiil, L Loam, (’ Irljrui I;u J complex, C' h flayci 
-;uvl, ()= simtiy loaiv, (i.i*. nrnvol pit. Approximaie Seale 1: o(j 
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■ ' 1 



Annotations I, II, III, refer to Little Paint Branch, 
l):isin of Indian Creek respectiveiy Approximate 





Figfure 7. Illustration of solution to run-off equation and showing curve numbers (CN). 
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Figure 9. Hydrograpb of the Little Paint Branch Basin showing change in run-off 
characteristics between 1964 and 1971 for a hypothetical ten hour storm. Data for 
incremental hydrogra^ihs are taken from Table 8. 



